Abstract-Correlative studies on transports of Ca 2+ and Na+ and the properties of Ca 2+ transport were carried out in rat kidney cortex slices. Ouabain had no effect on the Ca2+ transport but did inhibit the Na+ transport extensively. With addition of 2,4-dinitrophenol to the incubation medium, or under the anaerobic conditions, the effluxes of Ca 2+ and Na+ were inhibited while the Ca 2+ influx was enhanced significantly.
Abstract-Correlative studies on transports of Ca 2+ and Na+ and the properties of Ca 2+ transport were carried out in rat kidney cortex slices. Ouabain had no effect on the Ca2+ transport but did inhibit the Na+ transport extensively. With addition of 2,4-dinitrophenol to the incubation medium, or under the anaerobic conditions, the effluxes of Ca 2+ and Na+ were inhibited while the Ca 2+ influx was enhanced significantly.
Sulfhydryl inhibitors such as ethacrynic acid, mersalyl and p-chloromercuribenzoic acid suppressed Ca 2+ efflux and stimulated Ca 2+ influx. When the slices of kidney cortex were treated with these inhibitors, there was a reduction in the content of cellular ATP.
The present results suggest that Ca 2+ transport may be partly independent of Na+ transport, and that Ca 2+ efflux may require energy-yielding processes.
In mammalians, Ca2+ in the glomerular filtrate is largely reabsorbed by the nephrons (1, 2) . The mechanism of trans-cellular transport of Ca2+, however, remains to be clarified. In studies in the dog kidney, it was demonstrated that clearance rates of Na+ and Ca2+ show a good correlation (3, 4) . Duarte and Watson (5) have also shown in micropuncture studies that Ca2+ and Na+ are reabsorbed in the proximal and distal segments of the nephrons.
These observations suggest the existence of a common transport system for Ca2+ and Na+ in the nephrons. Other workers reported the lack of relationship between urinary excretion rates of Ca2+ and Na+ (6). Suki et al. (7) demonstrated that Ca2+ excretion during the administration of furosemide and ethacrynic acid was increased and that Ca2+ excretion was little affected with administration of acetazolamide and chlorothiazide. Hofer and Kleinzeller (8, 9) in their studies of Ca2+ transport in rabbit kidney cortex slices found that Ca2+ influx was a process dependent on the expenditure of metabolic energy.
The present work was an attempt to determine whether or not a correlation does exist between the transports of Ca2+ and Na+. In addition, the biochemical bases for Ca2+ transport system in rat kidney cortex slices were examined by studying the effects of diuretics and various inhibitors on Ca2+ transport.
MATERIALS AND METHODS
Male Wistar rats, weighing 180 g to 250 g, were used in all experiments. was kindly provided by Japan Merck Banyu Co. and prepared in KRB, pH 7.4. Ouabain, mersalyl and furosemide were purchased from Merck Chemical Co., Sigma Chemical Co.
and Hoechst Japan Chemical Co., respectively. Other chemicals were of reagent grade.
Student's t-test was used for comparison of experimental and control series. Values were expressed as means+S.E.
RESULTS

Studies on the relationship between transports of Ca2+ and Na+
To determine the correlation between the transport system for Ca'2+ and Na+, the leached slices were incubated in KRB containing ouabain (final concentration, 1 x 10_3 M). Fig. 1 shows the effect of ouabain on the efflux of Ca2+ and Na+. With the addition of ouabain, Na+ efflux was intensively inhibited while Ca2+ efflux was not affected. As shown in Fig. 2 , the influx of Ca2+ was not influenced in the presence of ouabain, while Na+ efflux was substantially suppressed. These data suggest that Ca2+ transport may be dissociated with Na+ transport due to (Na+ + K +)-ATPase in rat kidney cortex slices. First, we examined the effect of 2,4-dinitrophenol (DNP) and anaerobic conditions on Ca2+ transport in the slices (Fig. 3) . In the presence of DNP (1 x 10-3M) Ca2+ efflux was significantly inhibited at 60 min after incubation. In addition, Ca2+ efflux was much de pressed under conditions of anaerobic incubation. On the other hand, Ca2+ influx was enhanced either by the addition of DNP or under an anaerobic condition, as shown in Fig.   3B . Na+ transport was completely inhibited with both treatments (values are not shown in the figure) . Next, the leached slices were incubated under hypothermic conditions (0 °C). Fig. 4A shows that there were no differences between control and hypothermic treatment in the process of Ca2+ efflux. Similarly, no differences were detected in the case of Ca2+ influx (Fig. 4B) . Under conditions of hypothermic incubation, Na+ efflux was inhibited under both conditions of Ca21 efflux and Ca2+ influx (data not shown).
Effect of diuretics and p-chloronercuribenzoic acid on Ca2+ and Na+ transports
The effects of ethacrynic acid on the transports of Ca2+ and Na+ are shown in Figs. 5, 6.
With addition of ethacrynic acid (1 x 10-3 M) to the medium Na+ transport was considerably affected at 15 min after the slices were incubated. Ca2+ influx was not affected up to 30 min incubation in the presence of ethacrynic acid, however, did increase significantly at 60 min after incubation. The inhibitory effect of ethacrynic acid on Ca2+ efflux was also observed at 60 min after incubation. The effects of ethacrynic acid on Ca2+ influx and efflux appeared significantly at 15 min after incubation by pretreating the slices with ethacrynic acid at 0°C for 120 min (Fig. 6) .
Effects of mersalyl, p-chloromercuribenzoic acid (PCMB) and furosemide on Ca2+ flux were then examined. When the slices were incubated for 30 min in the presence of Table 1 . Table 2 shows that Ca2+ influx was enhanced by the addition of mersalyl or PCMB. Furosemide had no effects on Ca2+ and Na+ transports (Tables 1, 2 ). Effects of diuretics and various conditions on A TP contents in slices
We then investigated ATP contents in slices incubated under the various conditions mentioned above (Table 3) . By leaching at O 'C for 120 min, we observed a decrease in cellular ATP. Increases in ATP contents were evident during incubation under aerobic conditions (control). With an anaerobic incubation and the addition of mersalyl or DNP, cellular ATP contents were markedly lowered in the course of incubation. The addition of ouabain (1 x 10-3 M) to the medium had no effect on ATP contents in the slices. Reduction of cellular ATP by ethacrynic acid was not evident 15 min after incubation, but was observed with 60 min-incubation.
DISCUSSION
It has been reported that there are three exchangeable Ca2+ pools in kidney cortex slices and the largest pool represents an extracellular pool while the others are intracellular (10).
In addition, more than half of the Ca2+ contents in slices were seen to be located in the extracellular pool. In cultured kidney cells, the extracellular pool is unaffected by metabolic inhibitors, and the size of the pool is linearly related to the extracellular Ca2+ concentration (11) . Therefore, in our experiments metabolic inhibitors probably affect the transport of Ca2+ into the intracellular space or that of Ca2+ from the intracellular pool.
Ouabain which is a specific inhibitor of active Na+ transport did not interfere with Ca2+ transport in the slices (Figs. 1, 2 ). Na+ transport was inhibited by the incubation at 0°C
while Ca2+ flux was not affected (Fig. 4) . In light of our results, the possibility that the transports of Na+ and Ca2+ are independent processes in rat kidney cortex slices has to be considered.
It has been shown that increase in Ca2+ concentration exerts an inhibitory effect on (Na++K+)-ATPase responsible for Na+ transport in kidney (12) and other tissues (13) . Our present data show that the degree of Na+ transport in slices leached at 10 mM Ca2+
(Ca2+-loaded slices) did not differ from the degree of Na+ transport in the slices leached in the absence of Ca 2+ (Ca2+-depleted slices). This may be due to the rapid abolishment of the difference in Ca 2+ contents at the initial incubation time between Ca2+-depleted and Ca2+ loaded slices (Figs. 1, 2 ).
It has been reported that ethacrynic acid inhibited glycolysis and electron transport chain in mitochondria and reduced cellular ATP levels in kidney tissue (14, 15) . Our results ( Table 3 ) that cellular ATP levels were lowered by treatment with this reagent are in accord with the reports mentioned above. Hence, inhibition of Ca2+ efflux and enhance ment of Ca2+ influx by ethacrynic acid seem to be a form of inhibitory action on the Ca2+ efflux pump together with the reduction of ATP levels in slices.
It has also been reported that the accumulation of ethacrynic acid in slices of kidney cortex occurs linearly during incubation (16) . We observed a lag time with inhibitory actions of ethacrynic acid on Ca2+ and Na+ transport and reduction of cellular ATP levels (Figs. 5, 6 and Table 3 ). When pretreating the slices with ethacrynic acid at O 'C for 120 min, this lag period was shorter than in non-pretreated tissues. These observations indicate that this drug which is accumulated by slices during pretreatment exerts an inhibitory action on ion transports and other metabolic processes.
According to the previous report (17) and our present data (Table 3) , DNP and anoxia inhibited the production of cellular ATP. Under these circumstances, Ca2+ efflux was inhibited and Ca2+ influx enhanced (Fig. 3) . These results suggest that the process involved in Ca2+ efflux may be mediated by the energy-dependent process, however, there was no effect of incubation on Ca2+ transport at O 'C (Fig. 4) . The systems of Ca2+ efflux and ATP production of kidney cortex might be resistant to hypothermic conditions.
Hofer and Kleinzeller (8, 9) showed that in rabbit kidney cortex slices, the system of Ca2+ influx requires energy-yielding processes. Our results, however, show that Ca2+ efflux may be dependent on metabolism. We have no explanation for the discrepancy in the results. Mersalyl and PCMB inhibited the efflux of Na+ and Ca2+ in the slices (Table 1) and mersalyl decreased the cellular ATP levels. These results support the possibility that Ca2+ efflux may be dependent on energy production systems. Mersalyl and ethacrynic acid had an inhibitory effect on Ca2+-stimulated ATPase in the microsomal fractions of rat kidney cortex (18) . Thus, mersalyl and ethacrynic acid may suppress the Ca2+ efflux by influencing Ca2+-stimulated ATPase if indeed this enzyme is responsible for Ca2+ transport in rat kidney cortex.
